
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
23

5 
35

7
A

1
*EP004235357A1*

(11) EP 4 235 357 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
30.08.2023 Bulletin 2023/35

(21) Application number: 23165124.1

(22) Date of filing: 04.11.2019

(51) International Patent Classification (IPC):
G06F 1/16 (2006.01)

(52) Cooperative Patent Classification (CPC): 
G06F 1/1677 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 17.01.2019 US 201962793456 P

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
19835900.2 / 3 912 008

(71) Applicant: Google LLC
Mountain View, CA 94043 (US)

(72) Inventors:  
• DING, Yao

Mountain View 94043 (US)
• LI, Hui

Mountain View 94043 (US)

(74) Representative: Maikowski & Ninnemann 
Patentanwälte Partnerschaft mbB
Postfach 15 09 20
10671 Berlin (DE)

Remarks: 
This application was filed on 29.03.2023 as a 
divisional application to the application mentioned 
under INID code 62.

(54) MAGNETIC SENSING DEVICE FOR LID

(57) The technology provides for a magnetic sensing
device. The device includes a magnetic sensor config-
ured to generate a first output triggered by a first polarity
and a second output triggered by a second polarity. The
device includes a first magnet, a second magnet, and a
third magnet. The device may be configured such that,
when the second magnet is not within a predetermined
distance from the first magnet, a magnetic field from the

first magnet having the first polarity causes the first output
and the second output to have a first set of values. The
device may be configured such that, when the second
magnet is within the predetermined distance from the
first magnet, a magnetic field from the third magnet hav-
ing the second polarity causes the first output and the
second output to have a second set of values.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing
date of United States Provisional Patent Application No.
62/793,456 filed January 17, 2019, the disclosure of
which is hereby incorporated herein by reference.

BACKGROUND

[0002] Wireless devices typically require one or more
batteries, such as a rechargeable battery, that provides
power to the wireless devices. A case for housing wire-
less devices can be configured to perform various func-
tions to support the wireless devices, including charging
the batteries of the wireless devices. The case may in-
clude magnets for holding the case closed and for holding
the wireless devices inside the case.
[0003] In some instances, such a case may be config-
ured to perform charging and/or other functions based
on a state of the case, such as whether the case is open
or closed. In order to detect whether the case is open or
closed, proximity sensors such as magnetic sensors
(e.g., Hall Effect sensors) may be used. Additionally or
alternatively, the case may be configured to perform
charging and/or other functions based on a state of the
wireless devices, such as whether the wireless devices
are positioned inside the case. As such, the case may
also include proximity sensors such as magnetic sensors
for detecting presence of the wireless devices. Generally,
determining of different states of two body elements such
as a body and a lid of a case, e.g., a position including
orientation of a first body element relative to a second
body element, could also be advantageous in other con-
texts.

BRIEF SUMMARY

[0004] The present disclosure provides for a device,
comprising a magnetic sensor, wherein a first output of
the magnetic sensor is triggered by magnetic fields hav-
ing a first polarity and a second output of the magnetic
sensor is triggered by magnetic fields having a second
polarity; a first magnet, the first magnet being positioned
at a fixed distance from the magnetic sensor; a second
magnet, the second magnet being positioned at an ad-
justable distance from the first magnet; wherein, when
the second magnet is not within a predetermined dis-
tance from the first magnet, a magnetic field from the first
magnet having the first polarity causes the first output
and the second output to have a first set of values; and
wherein, when the second magnet is within the prede-
termined distance from the first magnet, a magnetic field
having the second polarity causes the first output and
the second output to have a second set of values, wherein
the magnetic field having the second polarity is a) from
a third magnet, the third magnet being positioned at an

adjustable distance from the magnetic sensor, or b) from
the second magnet.
[0005] The present disclosure thus in particular pro-
vides for a device, comprising a magnetic sensor, where-
in a first output of the magnetic sensor is triggered by
magnetic fields having a first polarity and a second output
of the magnetic sensor is triggered by magnetic fields
having a second polarity; a first magnet, the first magnet
being positioned at a fixed distance from the magnetic
sensor; a second magnet, the second magnet being po-
sitioned at an adjustable distance from the first magnet;
and a third magnet, the third magnet being positioned at
an adjustable distance from the magnetic sensor; where-
in, when the second magnet is not within a predetermined
distance from the first magnet, a magnetic field from the
first magnet having the first polarity causes the first output
and the second output to have a first set of values; and
wherein, when the second magnet is within the prede-
termined distance from the first magnet, a magnetic field
from the third magnet having the second polarity causes
the first output and the second output to have a second
set of values.
[0006] The device may be configured such that, when
the second magnet is within the predetermined distance
from the first magnet, a pole of the first magnet having
the first polarity may be configured to be facing a pole of
the second magnet having the second polarity. The de-
vice may be configured such that, when the second mag-
net is within the predetermined distance from the first
magnet, a pole of the third magnet having the second
polarity may be configured to be facing a sensing surface
of the magnetic sensor.
[0007] A strength of the first magnet may be selected
based on an operating point of the magnetic sensor such
that, when the second magnet is not within the predeter-
mined distance from the first magnet, a magnetic field
from a pole of the first magnet having the first polarity
saturates the magnetic sensor. Additionally or alterna-
tively, a distance between the first magnet and the mag-
netic sensor may be selected such that, when the second
magnet is not within the predetermined distance from the
first magnet, a magnetic field from a pole of the first mag-
net having the first polarity saturates the magnetic sen-
sor.
[0008] A strength of the third magnet may be selected
based on an operating point of the magnetic sensor such
that, when the second magnet is within the predeter-
mined distance from the first magnet, a magnetic field
from a pole of the third magnet having the second polarity
saturates the magnetic sensor. Additionally or alterna-
tively, a distance between the second magnet and the
third magnet may be selected such that, when the second
magnet is within the predetermined distance from the
first magnet, a magnetic field from a pole of the third
magnet having the second polarity saturates the mag-
netic sensor.
[0009] A strength of the first magnet and a strength of
the second magnet may be selected such that, when the
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second magnet is within the predetermined distance from
the first magnet, a magnetic field from a pole of the first
magnet and a magnetic field from a pole of the second
magnet may produce a magnetic attraction force meeting
a threshold holding force.
[0010] The magnetic sensor may be a dual output un-
ipolar Hall Effect sensor.
[0011] The magnetic sensor may include a first unipo-
lar Hall Effect sensor configured to be triggered by mag-
netic field of the first polarity, and a second unipolar Hall
Effect sensor configured to be triggered by magnetic field
of the second polarity.
[0012] The first set of values and the second set of
values may be inverse of each other.
[0013] The magnetic sensor and the first magnet may
be positioned within a first body element, and the second
magnet and the third magnet may be positioned within a
second body element, wherein one or more processors
of the device may be configured to determine whether
one of the first and second body elements is in a first
position or a second position relative to the other one of
the first and second body elements based on at least one
of the first output and the second output. Accordingly,
the values of the first and second output may be indicative
of a position of the first and second body elements with
respect to each other.
[0014] The magnetic sensor and the first magnet may
be positioned within a body of a case, and the second
magnet and the third magnet may be positioned within a
lid of the case; and wherein one or more processors of
the case may be configured to determine whether the
case is open or closed based on at least one of the first
output and the second output. The magnetic sensor and
the first magnet may be positioned at identical or different
portions of an edge of the body of the case, and the sec-
ond magnet and the third magnet may be positioned at
identical or different portions of an edge of the lid of the
case; wherein, when the case is closed, the edge of the
body may be in contact with the edge of the lid. The case
may be configured to house one or more wireless devic-
es, such as one or more wireless accessory devices, like
one or more earbuds, wherein the one or more proces-
sors of the case may be configured to determine whether
to charge the one or more wireless devices based on at
least one of the first output and the second output.
[0015] The magnetic sensor and the first magnet may
be positioned within a body of a case for housing one or
more wireless devices, and the second magnet and the
third magnet may be positioned within the one or more
wireless devices; and wherein one or more processors
of the case may be configured to determine whether the
one or more wireless devices are positioned inside the
case based on at least one of the first output and the
second output. The device may be configured such that,
when the one or more wireless devices are positioned
inside the case, the second magnet of the one or more
wireless devices are within the predetermined distance
from the first magnet of the case. The one or more proc-

essors of the case may be configured to determine
whether to charge the one or more wireless devices
based on at least one of the first output and the second
output.
[0016] The magnetic sensor and the first magnet may
be positioned within one or more wireless devices, and
the second magnet and the third magnet may be posi-
tioned within a case for housing the one or more wireless
devices; and wherein one or more processors of the one
or more wireless devices may be configured to determine
whether the one or more wireless devices are positioned
inside the case based on at least one of the first output
and the second output. The device may be configured
such that, when the one or more wireless devices are
positioned inside the case, the second magnet of the
case are within the predetermined distance from the first
magnet of the one or more wireless devices. The one or
more processors of the wireless devices may be config-
ured to determine whether to communicate with the case
based on at least one of the first output and the second
output.
[0017] The present disclosure further provides for a
device, comprising a magnetic sensor, wherein a first
output of the magnetic sensor is triggered by magnetic
field having a first polarity and a second output of the
magnetic sensor is triggered by magnetic field having a
second polarity; a first magnet, the first magnet being
positioned at a fixed distance from the magnetic sensor;
and a second magnet, the second magnet being posi-
tioned at an adjustable distance from the first magnet;
wherein, when the second magnet is not within a prede-
termined distance from the first magnet, a magnetic field
from the first magnet having the first polarity causes the
first output and the second output to have a first set of
values; and wherein, when the second magnet is within
the predetermined distance from the first magnet, a mag-
netic field from the second magnet having the second
polarity causes the first output and the second output to
have a second set of values.
[0018] The device may be configured such that, when
the second magnet is within the predetermined distance
from the first magnet, a pole of the first magnet having
the first polarity is configured to be facing a pole of the
second magnet having the second polarity. The device
may be configured such that, when the second magnet
is within the predetermined distance from the first mag-
net, a pole of the second magnet having the second po-
larity is configured to be facing a sensing surface of the
magnetic sensor.
[0019] A strength of the second magnet may be se-
lected based on an operating point of the magnetic sen-
sor such that, when the second magnet is within the pre-
determined distance from the first magnet, a magnetic
field from a pole of the second magnet having the second
polarity saturates the magnetic sensor.
[0020] The magnetic sensor and the first magnet may
be positioned within a body of a case, and the second
magnet may be positioned within a lid of the case; and
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wherein one or more processors of the case may be con-
figured to determine whether the case is open or closed
based on at least one of the first output and the second
output.
[0021] The magnetic sensor and the first magnet may
be positioned within a body of a case for housing one or
more wireless devices, and the second magnet may be
positioned within the one or more wireless devices; and
wherein one or more processors of the case may be con-
figured to determine whether the one or more wireless
devices are positioned inside the case based on at least
one of the first output and the second output.
[0022] The present disclosure further provides for a
case, comprising a body; a lid, the lid moveable with re-
spect to the body between an opening and a closing po-
sition a magnetic sensor positioned at the body, wherein
a first output of the magnetic sensor is triggered by mag-
netic field having a first polarity and a second output of
the magnetic sensor is triggered by magnetic field having
a second polarity; a first magnet positioned at the body,
the first magnet being positioned at a fixed distance from
the magnetic sensor; a second magnet positioned at the
lid; a third magnet positioned at the lid, the third magnet
being positioned at a fixed distance from the second mag-
net; wherein, when the lid is in the opening position and
the case is open, a magnetic field from the first magnet
having the first polarity causes the first output and the
second output to have a first set of values; and wherein,
when the lid is in the closing position and the case is
closed, a magnetic field from the third magnet having the
second polarity causes the first output and the second
output to have a second set of values.
[0023] The lid may have at least an edge configured
to be in contact with an edge of the body when the case
is closed, the magnetic sensor and the first magnet being
positioned at identical or different portions of the edge of
the body and the second and third magnets being posi-
tioned at identical or different portions of the edge of the
lid. The edge of the body may confine an opening at the
body via which an interior of the body is accessible and
which is closed by the lid when in the closing position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIGURES 1A and 1B are diagrams illustrating an
example case in accordance with aspects of the dis-
closure.
FIGURES 2A and 2B are diagrams illustrating an
example magnetic sensing device in accordance
with aspects of the disclosure.
FIGURES 3A and 3B are graphs illustrating opera-
tions of an example magnetic sensor in the example
magnetic sensing device of FIGURES 2A and 2B in
accordance with aspects of the disclosure.
FIGURES 4A and 4B are diagrams illustrating oper-
ations of the example magnetic sensing device of

FIGURES 2A and 2B in accordance with aspects of
the disclosure.
FIGURES 5A and 5B are diagrams illustrating an-
other example magnetic sensing device in accord-
ance with aspects of the disclosure.
FIGURES 6A and 6B are diagrams illustrating an-
other example magnetic sensing device in accord-
ance with aspects of the disclosure.
FIGURE 7 is a block diagram of an example system
in accordance with aspects of the disclosure.

DETAILED DESCRIPTION

OVERVIEW

[0025] The technology disclosed may generally relate
to a magnetic sensing device in a case for housing one
or more wireless devices. As mentioned above, a case
for housing wireless devices may be configured to sup-
port functions of the wireless devices, such as charging
the wireless devices. However, charging the wireless de-
vices continuously may be inefficient. For example, the
wireless devices may initially be packaged inside the
case in a factory, and may not reach a user for an ex-
tended period of time. Charging the wireless devices dur-
ing this time may be wasteful, since the charges may
later be depleted before reaching the user. Further, reg-
ulations may prohibit charging during transit, such as reg-
ulations of the International Air Transport Association (IA-
TA). As such, the user may be disappointed when initially
opening the case only to discover that the wireless de-
vices cannot turn on, for example when attempting to
wirelessly connect the wireless devices to other user de-
vices. To avoid such disappointing out of box experience,
the wireless devices may be charged fully before pack-
aging, and set in a shipping mode (e.g., a low power,
inactive mode) in transit to conserve energy. Even then,
the wireless devices may still reach the user completely
discharged, since the time for shipping, stocking in retail
stores, etc. can be many months.
[0026] To further ensure a good out of box experience
for the user, the case may be configured to charge the
wireless devices upon initial opening by the user. For
instance, in order to change from shipping mode to active
mode, charger of the wireless devices may need to turn
on charging for at least a short period of time. Further as
mentioned above, IATA rules strictly prohibit charging
during shipping. As such, the detection of case opening
must be reliable in order to prevent the charger to unex-
pectedly turn on and initiate charging during transit, as
well as to ensure that the charger deactivates shipping
mode upon initial opening by the user. In this regard,
proximity sensors, such as magnetic sensors mentioned
above, may be used in detecting the initial case opening.
However, where the case has compact dimensions, mag-
nets from different circuitry of the case may interfere with
the magnetic sensors of the case, causing unreliable de-
tection and even damage to the magnetic sensors. To
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address these issues, a magnetic sensing device may
be configured to reduce or eliminate the effects of inter-
ference.
[0027] In one example, the magnetic sensing device
includes a magnetic sensor, a first magnet, a second
magnet, and a third magnet. The magnetic sensor is con-
figured such that a first output of the magnetic sensor is
triggered by magnetic fields having a first polarity (e.g.,
North) and a second output of the magnetic sensor is
triggered by magnetic fields having a second polarity
(e.g., South). For example, the magnetic sensor may be
a dual output unipolar Hall Effect sensor, where the first
output is triggered by the first polarity (e.g., North), and
a second output triggered by the second polarity (e.g.,
South). For another example, the magnetic sensor may
include two unipolar Hall Effect sensors, a first unipolar
Hall Effect sensor configured to be triggered by the first
polarity (e.g., North), and a second unipolar Hall Effect
sensor configured to be triggered by the second polarity
(e.g., South). The magnetic sensing device is configured
such that the first magnet is positioned at a fixed distance
from the magnetic sensor, the second magnet is posi-
tioned at an adjustable distance from the first magnet,
and the third magnet is positioned at an adjustable dis-
tance from the magnetic sensor. As a specific example,
the first magnet and the magnetic sensor may be posi-
tioned in a body of a case for housing wireless devices,
while the second magnet and the third magnet may be
positioned in a lid of the case.
[0028] The magnetic sensing device is configured
such that, when the second magnet is not within a pre-
determined distance from the first magnet, a magnetic
field from the first magnet having the first polarity causes
the first output and the second output to have a first set
of values. Continuing from the specific example above,
when the case is open, the second magnet and the third
magnet in the lid of the case are far from the body of the
case, but the first magnet is always in the body of the
case at a fixed distance from the magnetic sensor. As
such, the magnetic sensor in the body of the case detects
the North pole from the first magnet (also in the body of
the case), but does not receive magnetic fields from the
second magnet or third magnet (which are in the lid of
the case), and generates the first set of values as the
first output and second output.
[0029] The magnetic sensing device is further config-
ured such that, when the second magnet is within the
predetermined distance from the first magnet, a magnetic
field from the third magnet having the second polarity
causes the first output and the second output to have a
second set of values. Again continuing from the specific
example above, when the case is closed, the second
magnet and the third magnet in the lid of the case both
come close to the body of the case. As such, when the
second magnet in the lid of the case is within the prede-
termined distance from the first magnet in the body of
the case, interactions between the second magnet and
the first magnet, as well as proximity of the third magnet

to the magnetic sensor, cause the magnetic sensor to
detect the South pole from the third magnet in the lid,
and to generate the second set of values as the first out-
put and second output.
[0030] Thus, the magnetic sensing device may be used
in a case for housing wireless devices such that a state
of the case may be determined based on values of the
first output and the second output. When the case is
open, the values of the first output and the second output
of the magnetic sensor may be triggered by the first mag-
net inside the body. In contrast, when the case is closed,
the values of the first output and the second output of the
magnetic sensor may be triggered by the third magnet
inside the lid.
[0031] In some instances, the magnetic sensing device
may be configured such that, when the case is open, the
magnetic sensor is saturated by a magnetic field with the
first polarity, and when the case is closed, the magnetic
sensor is saturated by a magnetic field of the second
polarity. Maintaining the magnetic sensor in saturation
reduces or eliminates effect of interference from other
magnets in the case or in the surroundings of the case.
For instance, when deeply saturated, it would require a
very strong magnetic field with an opposite polarity to
reverse one or more outputs of the magnetic sensor. In
contrast, when not deeply saturated, even weak interfer-
ence may reverse one or more outputs of the magnetic
sensor.
[0032] In other instances, a strength of the first magnet
and a strength of the second magnet are selected such
that, when the second magnet is within the predeter-
mined distance from the first magnet, a magnetic field
from a pole of the first magnet and a magnetic field from
a pole of the second magnet produce a magnetic attrac-
tion force sufficient to hold the case closed. By configur-
ing the first magnet and the second magnet for both pur-
poses of holding the case closed and for detection of
case state, an overall number of magnets in the case
may be reduced.
[0033] To further reduce the number of magnets, an-
other example magnetic sensing device includes a mag-
netic sensor, a first magnet, and a second magnet. The
magnetic sensing device is configured such that the first
magnet is positioned at a fixed distance from the mag-
netic sensor, and the second magnet is positioned at an
adjustable distance from the first magnet. As a specific
example, the first magnet and the magnetic sensor may
be positioned in a body of a case for housing wireless
devices, while the second magnet may be positioned in
a lid of the case. For example, the magnetic sensor may
be one dual output unipolar Hall Effect sensor, or two
unipolar Hall Effect sensors. As such, the magnetic sen-
sor is configured such that a first output of the magnetic
sensor is triggered by magnetic fields having a first po-
larity (e.g., North) and a second output of the magnetic
sensor is triggered by magnetic fields having a second
polarity (e.g., South).
[0034] The magnetic sensing device is configured
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such that, when the second magnet is not within a pre-
determined distance from the first magnet, a magnetic
field from the first magnet having the first polarity triggers
the first output and the second output to have a first set
of values. Continuing from the specific example above,
when the case is open, the second magnet in the lid of
the case is far from the body of the case. As such, the
magnetic sensor in the body of the case detects the North
pole from the first magnet (also in the body of the case),
but does not receive magnetic fields from the second
magnet (which is in the lid of the case), and generates
the first set of values as the first output and second output.
[0035] The magnetic sensing device is further config-
ured such that, when the second magnet is within the
predetermined distance from the first magnet, a magnetic
field from the second magnet having the second polarity
triggers the first output and the second output to have a
second set of values. Again continuing from the specific
example above, when the case is closed, the second
magnet in the lid of the case comes close to the body of
the case. As such, when the second magnet in the lid of
the case is within the predetermined distance from the
first magnet in the body of the case, interactions between
the second magnet and the first magnet, as well as prox-
imity of the second magnet to the magnetic sensor, cause
the magnetic sensor to detect the South pole from the
second magnet in the lid, and to generate the second set
of values as the first output and second output.
[0036] Additionally or alternatively, the magnetic sens-
ing device may be used in the case and one or more
wireless devices such that a state of the one or more
wireless devices may be determined based on values of
the first output and the second output. For example, the
magnetic sensor and the first magnet may be positioned
inside the case, while the second magnet and the third
magnet may be positioned inside the one or more wire-
less devices. As such, when the wireless devices are
inside the case, the values of the first output and the
second output may be triggered by the first magnet inside
the case. In contrast, when the wireless devices are in-
side the case, the values of the first output and the second
output may be triggered by the third magnet inside the
wireless devices.
[0037] The technology is advantageous because it
provides reliable proximity detection, for example each
state of a case may cause the magnetic sensor to be
triggered by a different polarity. Configurations that cause
deep saturation of the magnetic sensor may further re-
duce or eliminate effects of interference from other mag-
netic components, thereby improving detection reliability.
By improving detection reliability, the technology may,
for example, improve out of box experience for wireless
devices without risking violating regulations or wasting
energy. The improved detection reliability may also con-
serve energy during later use, since the case may deter-
mine whether to initiate various functions based on the
state of the case and/or the state of the wireless devices.
Features of the technology further provides for reducing

the number of magnets required by configuring one or
more magnets in the magnetic sensing device for per-
forming multiple functions, which may reduce cost of
manufacturing.

EXAMPLE DEVICES

[0038] FIGURES 1A and 1B are pictorial diagrams il-
lustrating an example case 100. FIGURE 1A shows a
perspective view of the case 100 and FIGURE 1B shows
a side view of the case 100. The case 100 may be con-
figured to house one or more wireless devices. For ex-
ample as shown in FIGURE 1A, the case 100 houses a
pair of wireless earbuds 190. The earbuds 190 may be
wireless in that they do not require a wired connection to
a music player, phone, or other device to be powered.
The earbuds 190 may include one or more batteries that
provide power to the earbuds 190 and other components
therein, such as transceivers, sensors, amplifiers, proc-
essors, etc.
[0039] The case 100 includes a body 110 and a lid 120
such that the case 100 may be opened or closed by mov-
ing the lid 120 relative to the body 110. As shown in FIG-
URE 1A, when the case 100 is open, an edge 112 of the
body 110 is not in contact with an edge 122 of the lid 120.
Further, earbuds 190 may be placed inside or taken out
of the open case 100. As shown in FIGURE 1B, when
the case 100 is closed, the edge 112 of the body 110 is
in contact with the edge 122 of the lid 120. Further, the
earbuds 190 may be enclosed in the case 100. As shown
in FIGURE 1B, the lid 120 is attached to the body 110
via a hinge 124. Alternatively, the lid 120 may be attached
to the body 110 via other mechanisms, or may be de-
tachable from the body 110.
[0040] When the earbuds 190 are placed inside the
case 100, the case 100 may protect the earbuds 190
from shock and/or contaminants in the environment. In
this regard, the case 100 may be made of any of a number
of materials, such as plastic, ceramic, etc. As shown in
FIGURE 1A, the case 100 includes a cover layer 114
such that the cover layer 114 and the body 110 forms an
enclosed space for housing electronic components of the
case 100. As such, electronic components of the case
100 may be protected from contaminants in the environ-
ment. The cover layer 114 may be made of any of a
number of materials, such as plastic, ceramic, etc. Addi-
tionally or alternatively, the case 100 may include a cover
layer (not shown) that forms an enclosed space with the
lid 120. Further as shown in FIGURE 1A, to better ac-
commodate and retain the earbuds 190, the case 100
may include grooves 116 in the cover layer 114 with sim-
ilar shapes and dimensions as the earbuds 190.
[0041] For housing small wireless devices like the ear-
buds 190, the case 100 may have small dimensions. For
example, the widths, lengths, and/or heights of the case
100 may be in the range of 5cm-10cm. Although the case
100 in this example is shown as rectangular with rounded
corners, the case 100 may alternatively have a number
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of other shapes, such as cylindrical, cubic, etc.
[0042] Referring to FIGURE 1B, the case 100 includes
one or more magnets for holding the lid 120 to the body
110 in order to keep the case 100 closed. This way, for
example, if the case is dropped, the contents inside the
case would not fall out. For example, a magnet 130 may
be positioned near or at the edge 112 of the body 110
and a magnet 140 may be positioned near or at the edge
122 of the lid 120. The magnet 130 and the magnet 140
may be configured so that, when the case 100 is closed,
the magnet 130 and the magnet 140 come within a pre-
determined distance with each other. For example, the
predetermined distance may be a few millimeters. The
magnet 130 and the magnet 140 may be configured such
that, when the case 100 is closed, a pole 132 of the mag-
net 130 with a first polarity is facing a pole 142 of the
magnet 140 with a second polarity. The first polarity and
the second polarity may be opposite. For example, the
first polarity may be North and the second polarity may
be South. This way, a magnetic attraction force between
the magnet 130 and the magnet 140 may keep the case
100 closed.
[0043] The case 100 further includes one or more mag-
nets for holding the earbuds 190 inside the case 100.
This way, for example, if a user places the earbuds 190
inside the case 100 but does not close the case 100, the
earbuds 190 would not fall out. For example, a pair of
magnets 150 may be positioned inside the case 100 such
that, when the earbuds 190 are positioned inside the case
100, the earbuds 190 are each within a predetermined
distance from one of the pair of magnets 150 in the case
100. For example, the predetermined distance may be a
few millimeters. In this regard, the pair of magnets 150
may be positioned inside the cover layer 114, such as in
or near the grooves 116. As such, a magnetic attraction
force of the pair of magnets 150 may act on a material
in the earbuds 190 to hold the earbuds 190 in the grooves
116 of the case 100. In some examples, the pair of mag-
nets 150 may instead be one magnet large enough to
hold both of the earbuds 190. Additionally, the earbuds
190 may also include one or more magnets (not shown)
configured to come within a predetermined distance from
the pair of magnets 150 in the case 100 so that a magnetic
attraction force between the pair of magnets 150 and the
magnets of the earbuds 190 may hold the earbuds 190
inside the case 100.
[0044] In addition to housing the earbuds 190, the case
100 includes additional components supporting or aug-
menting various functions of the earbuds 190. The addi-
tional components may be housed inside the space en-
closed by the body 110 and the cover layer 114. For
instance, the case 100 may include charging circuitry
160, which may be configured to deliver a charge to the
batteries of the earbuds 190. For example, the charging
circuitry 160 may include a battery. For another instance,
the case 100 may include speaker circuitry 162 for broad-
casting audio received by the earbuds 190. For example,
speakers may be used for operating the case 100 as a

wireless speaker to play music, or to emit audio for trans-
lated speech, etc. For still another instance, the case 100
may further include one or more transceivers (not shown)
for communicating with transceivers of the earbuds 190.
[0045] The case 100 may include additional magnets
as part of the circuitry for these additional components.
For example, one or more magnets may be provided in
the charging circuitry 160 of the case 100 for aligning
with charging circuitry in the earbuds 190 for wireless
charging. Alternatively or additionally, the pair of magnets
150 described above for holding the earbuds 190 inside
the case 100 may be configured to also align the earbuds
190 for charging. For another example, one or more mag-
nets may be provided in the speaker circuitry 162 of the
case 100.
[0046] The case 100 may include one or more proces-
sors 164 for controlling the charging circuitry 160, the
speaker circuitry 162, the one or more transceivers,
and/or other components of the case 100. For example,
the processors 164 of the case 100 may be configured
to determine whether the case 100 should perform one
or more functions based on one or more states of the
case 100. For instance as discussed above, to conserve
energy and to abide by regulations, the processors 164
may determine not to allow the case 100 to charge the
earbuds 190 when initially packaged and shipped out
from factory. However, the processors 164 may deter-
mine to allow the case 100 to initiate charging once the
case 100 is first opened by a user to ensure good out of
box experience for the user. For another instance, after
the initial charging, the processors 164 of the case 100
may further determine whether to initiate charging based
on whether the case 100 is open or closed, and/or an
amount of charge in the battery of the case 100.
[0047] Additionally, the processors 164 of the case 100
may be configured to determine whether the case 100
should perform one or more functions based on one or
more states of the earbuds 190. For instance, the proc-
essors 164 of the case 100 may determine whether to
initiate charging, communication, and/or broadcasting
functions based on whether the earbuds 190 are posi-
tioned inside the case 100. For another instance, the
processors 164 of the case 100 may determine whether
to initiate charging, communication, and/or broadcasting
functions based on an amount of charge in the batteries
of the earbuds 190.
[0048] In order to determine the states of the case 100
and/or the state of the earbuds 190, the case 100 includes
one or more proximity sensors. For example as shown
in FIGURE 1B, a first proximity sensor may be a first
magnetic sensor 170 for detecting whether the case 100
is open or closed. As such, the case 100 may include
one or more magnets (not shown in FIG. 1B, examples
are shown in FIGURES 2A, 2B, 5A, 5B) configured to be
detected by the first magnetic sensor 170. For another
example, a second proximity sensor may be a second
magnetic sensor 180 for detecting whether the earbuds
190 are positioned inside the case 100. As such, the case
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100 and earbuds 190 may include one or more magnets
(not shown in FIG. 1B, examples are shown in FIGURES
6A, 6B) configured to be detected by the second mag-
netic sensor 180.
[0049] Interference between the many magnets of the
case 100 described above may cause unreliable detec-
tion by the first magnetic sensor 170 and/or the second
magnetic sensor 180. As such, magnetic sensors 170
and 180 may not be able to distinguish the magnetic fields
from these different magnets in the case 100, and may
generate false positives and/or false negatives. For ex-
ample, the first magnetic sensor 170 may determine that
the case 100 is closed based on a detection of a magnetic
field from the magnet in the speaker circuitry 162. For
another example, the second magnetic sensor 180 may
determine that the earbuds 190 are not in the case 100
based on a detection of a magnetic field from the magnets
130 and 140 for holding the body 110 and lid 120 together.
[0050] Further, since effects of interference between
magnets increase exponentially with decreased dis-
tance, interference may be exacerbated by the small di-
mensions of the case 100. As described above, where
the case 100 is configured to house small wireless de-
vices such as earbuds 190 and have dimensions ranging
from 5cm to 10cm, the various magnets in the case 100
are in close proximity with one another, as well as with
the magnetic sensors 170 and 180. Interference may be
further exacerbated by one or more magnets in the case
100 that can produce particularly strong magnetic fields.
For example, magnets in the charging circuitry 160 (such
as wireless charging coil or Qi coil) may be aligned with
charging circuitry in the earbuds 190 during charging,
and such magnets can produce magnetic fields that are
much stronger than the magnetic fields from the other
magnets described above. As such, magnetic field from
the magnets in the charging circuitry 160 may overpower
magnetic field from the other magnets such that outputs
of the magnetic sensors 170 and 180 are altered by these
magnets.
[0051] In order to reduce or eliminate effects of such
interference on detection of case states, FIGURE 2A and
2B are pictorial diagrams illustrating an example mag-
netic sensing device 200 for the case 100. FIGURE 2A
shows relative positions of components of the magnetic
sensing device 200 when the case 100 is open. FIGURE
2B shows relative positions of components of the mag-
netic sensing device 200 when the case 100 is closed.
As shown, the magnetic sensing device 200 includes a
magnetic sensor 210, a first magnet 220, a second mag-
net 230, and a third magnet 240.
[0052] The magnetic sensor 210 may be configured to
have low power consumption. For instance, one or more
Hall Effect sensors may be selected as the magnetic sen-
sor 210. For example, a Hall Effect sensor may require
only 1.5mA to operate. As described above, after the ear-
buds 190 are packaged, the earbuds 190 may stay in a
shipping mode for months before reaching the user. Dur-
ing this extended period of time, the magnetic sensor 210

must be turned on at all times to monitor whether the
case 100 is being opened. As such, by having lower pow-
er consumption, the magnetic sensor 210 is not likely to
deplete charges in the case 100 during this extended
period of time. This ensures that the magnetic sensor
210 does not turn off before reaching the user, and that
the case 100 can charge the earbuds 190 to turn off ship-
ping mode, when the case 100 is finally opened by the
user.
[0053] The magnetic sensor 210 may be configured to
be durable. For instance, a Hall Effect sensor may have
minimum aging effects, such as having little or minimal
sensitivity variations even after being used for an extend-
ed period of time. Further, the magnetic sensor 210 may
be positioned inside the case 100 such that the magnetic
sensor 210 has no exposed parts, which may further pro-
tect the magnetic sensor 210 from damage. For example,
the magnetic sensor 210 may be positioned inside the
space enclosed by the body 110 and the cover layer 114
of the case 100 shown in FIGURE 1A. In addition, such
a concealed design may improve appearance of the case
100.
[0054] The magnetic sensor 210 may be configured to
generate a plurality of outputs based on detection of mag-
netic field. For example, the magnetic sensor 210 may
be configured to generate a first output triggered by a
detection of magnetic field in a first polarity, and to gen-
erate a second output triggered by a detection of mag-
netic field in a second polarity. For example, the magnetic
sensor 210 may be a dual output unipolar Hall Effect
sensor. For another example, the magnetic sensor 210
may be configured to include two unipolar Hall Effect sen-
sors. A unipolar Hall Effect sensor responds to magnetic
field of a single polarity (such as either North or South).
For instance, if a unipolar Hall Effect sensor is configured
to respond to the North pole, the unipolar Hall Effect sen-
sor may output one value when detecting a magnetic
field with a North polarity, and may output another value
when the magnetic field with the North polarity is removed
or reverses polarity to South. As such, the magnetic sen-
sor 210 may be configured to generate two outputs, a
first output based on the detection of magnetic field in
the first polarity, and a second output based on the de-
tection of magnetic field in the second polarity.
[0055] FIGURES 3A and 3B are graphs illustrating ex-
ample operations of the magnetic sensor 210 in accord-
ance with aspects of the disclosure. FIGURE 3A shows
an example first output of the magnetic sensor 210. FIG-
URE 3B shows an example second output of the mag-
netic sensor 210. The first and second outputs of the
magnetic sensor 210 may be configured or converted
into binary signals. For example, outputs of the magnetic
sensor 210 that are high voltage signals ("VCC") may be
configured as a logic "1," while outputs of the magnetic
sensor 210 that are low voltage signals ("0V") may be
configured as a logic "0." As such, the magnetic sensor
210 may send the outputs to the processors 164, which
may determine whether the case 100 is open or closed
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based on the outputs.
[0056] Referring to FIGURE 3A, the first output of the
magnetic sensor 210 is generated based on detecting a
magnetic field of a first polarity. In the example shown,
the first polarity is North. For instance, initially, the mag-
netic sensor 210 may detect a magnetic field having a
South polarity and generate the high voltage signal VCC
as the first output. As the magnetic field decreases in
magnitude and eventually switches polarity to North, the
first output may initially still be the high voltage signal
VCC. However, when the magnitude of the magnetic field
eventually reaches an operating point ("BOP") of the
magnetic sensor 210 with a North polarity, the magnetic
field triggers the magnetic sensor 210 to "operate" and
generate the low voltage signal 0V as the first output.
[0057] Further as shown, due to hysteresis, a magnetic
field of a different magnitude may be required for mag-
netic sensor 210 to change the first output from the low
voltage signal 0V back to the high voltage signal VCC.
For instance, in the reversed direction, the magnetic field
may decrease from BOP with a North polarity, but the
first output does not immediately switch from the low volt-
age signal 0V to the high voltage signal VCC. Rather,
not until the magnetic field drops to a release point
("BRP") of the magnetic sensor 210 does the magnetic
field trigger the magnetic sensor 210 to "release" and
generate the high voltage signal VCC as the first output.
[0058] Referring to FIGURE 3B, the second output of
the magnetic sensor 210 is generated based on detecting
a magnetic field of a second polarity. In the example
shown, the second polarity is South. For instance, initial-
ly, the magnetic sensor 210 may detect a magnetic field
having a North polarity and generate the high voltage
signal VCC as the second output. As the magnetic field
decreases in magnitude and switches polarity to South,
the second output may initially still be the high voltage
signal VCC. However, when the magnitude of the mag-
netic field eventually reaches an operating point BOP of
the magnetic sensor 210 with a South polarity, the mag-
netic field triggers the magnetic sensor 210 to "operate"
and generate the low voltage signal 0V as the second
output.
[0059] Further as shown, due to hysteresis, a magnetic
field of a different magnitude may be required for mag-
netic sensor 210 to change the second output from the
low voltage signal 0V to the high voltage signal VCC. For
instance, in the reversed direction, the magnetic field may
decrease from BOP with a South polarity, but the second
output does not immediately switch from the low voltage
signal 0V to the high voltage signal VCC. Rather, not until
the magnetic field drops to a release point BRP of the
magnetic sensor 210 does the magnetic field trigger the
magnetic sensor 210 to "release" and generate the high
voltage signal VCC as the second output.
[0060] Returning to FIGURE 2A, the magnetic sensor
210 and the first magnet 220 are positioned inside the
body 110 of the case 100. The magnetic sensor 210 may
be positioned such that a sensing surface 212 of the mag-

netic sensor 210 is facing towards the lid 120. The first
magnet 220 may be positioned such that a first pole 222
of the first magnet 220 is facing towards the lid 120. The
first magnet 220 may have one or more additional poles,
such as a second pole 224 facing away from the lid 120.
The magnetic sensor 210 and the first magnet 220 are
further positioned such that the magnetic sensor 210 and
first magnet 220 share the same plane, and the first pole
222 and the magnetic sensor 210 normal direction are
at the same direction.
[0061] Further as shown in FIGURE 2A, the second
magnet 230 and the third magnet 240 are positioned in-
side the lid 120 of the case 100. The second magnet 230
may be positioned such that a first pole 232 of the second
magnet 230 is facing towards the body 110. Likewise,
the third magnet 240 may also be configured such that
a first pole 242 of the third magnet 240 is facing towards
the body 110. The second magnet 230 and the third mag-
net 240 may each have one or more additional poles.
For example, the second magnet 230 may have a second
pole 234 facing away from the body 110, and the third
magnet 240 may have a third pole 244 facing away from
the body 110.
[0062] In order to protect the magnets, each of the first
magnet 220, second magnet 230, and third magnet 240
may be positioned in the case 100 so that they do not
have any exposed parts. For example, the first magnet
220 may be embedded in the edge 112 of the body 110,
while the second magnet 230 and the third magnet 240
may be embedded in the edge 122 of the lid 120.
[0063] Referring to FIGURE 2B, the first magnet 220
and the second magnet 230 may be positioned such that,
when the case 100 is closed, the first pole 222 of the first
magnet 220 is facing the first pole 232 of the second
magnet 230. Further, when the case 100 is closed, the
first pole 232 of the second magnet 230 may be at a
predetermined distance d3 from the first pole 222 of the
first magnet 220. The first pole 222 of the first magnet
220 may have a first polarity, while the first pole 232 of
the second magnet 230 may have a second polarity op-
posite to the first polarity. For example, the first polarity
may be North while the second polarity may be South.
As such, when the case 100 is closed, a magnetic attrac-
tion force between the first pole 222 of the first magnet
220 and the first pole 232 of the second magnet 230 may
hold the lid 120 to the body 110.
[0064] Further as shown in FIGURE 2B, the third mag-
net 240 and the magnetic sensor 210 may be positioned
such that, when the case 100 is closed, the first pole 242
of the third magnet 240 is facing the sensing surface 212
of the magnetic sensor 210. Further, when the case 100
is closed, the first pole 242 of the third magnet 240 may
be at a predetermined distance d4 from the sensing sur-
face 212 of the magnetic sensor 210. Like the second
magnet 230, the first pole 242 of the third magnet 240
may also have a polarity opposite to the first pole 222 of
the first magnet 220. Continuing from the example above,
the first pole 242 of the third magnet 240 may have the
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second polarity of South.
[0065] Although each of the first magnet 220, second
magnet 230, and third magnet 240 are shown as having
the same shapes and dimensions, alternatively the first
magnet 220, second magnet 230, and third magnet 240
may have different shapes and/or dimensions. For ex-
ample, for better pairing, the first magnet 220 and the
second magnet 230 may be configured to have same
shapes and dimensions, while the third magnet 240 and
the magnetic sensor 210 may be configured to have
same shapes and dimensions, but the first magnet 220
and the third magnet 240 may have different shapes or
dimensions, etc. For a case with dimensions in the range
of 5cm-10cm, each of the first magnet 220, second mag-
net 230, and third magnet 240 may have dimensions
ranging from lmm-5mm. Each of the first magnet 220,
second magnet 230, and third magnet 240 may have any
of a number of shapes, such as rectangular or cylindrical.
Further, each of the first magnet 220, second magnet
230, and third magnet 240 may be any of a number types
of magnets, such as a ferromagnet, a ferrimagnet, etc.
[0066] The magnetic sensing device 200 may be con-
figured such that, depending on whether the case 100 is
open or closed, a different set of magnets are detectable
by the magnetic sensor 210. For instance, when the case
100 is open as shown in FIGURE 2A, only the first magnet
220 may be within a distance detectable by the magnetic
sensor 210. In contrast, when the case 100 is closed as
shown in FIGURE 2B, all three magnets 220, 230, and
240 may be within a distance detectable by the magnetic
sensor 210. FIGURES 4A and 4B are diagrams illustrat-
ing example interactions between the components of
magnetic sensing device 200 in accordance with aspects
of the disclosure.
[0067] FIGURE 4A shows example interactions be-
tween the magnetic sensor 210 and the first magnet 220
when the case 100 is open. Magnetic flux lines are shown
in FIGURE 4A to represent magnetic fields. The flux lines
indicate the direction (indicated by arrows) of the mag-
netic force on a North monopole at any given position.
As shown, the magnetic force experienced by the mag-
netic sensor 210 originates from the first pole 222 of the
first magnet 220, which in this example is the North pole.
The magnetic sensor 210 and the first magnet 220 may
be configured such that, when the case 100 is open, mag-
nitude of the magnetic field from the first pole 222 of the
first magnet 220 is at or above BOP of the magnetic sen-
sor 210 with a North polarity. As such, the magnetic field
from the first pole 222 of the first magnet 220 triggers the
magnetic sensor 210 to generate a low voltage signal or
logic 0 as the first output (shown as region left of BOP in
FIGURE 3A). At the same time, the magnetic field from
the first pole 222 of the first magnet 220, having a North
polarity, does not trigger the magnetic sensor 210 with
respect to the second output, thus the second output has
a high voltage signal or logic 1 (shown as region left of
BRP in FIGURE 3B).
[0068] In some instances, the magnetic sensor 210

and the first magnet 220 may be configured such that,
when the case 100 is open, the magnetic field from the
first pole 222 of the first magnet 220 saturates the mag-
netic sensor 210. For example, the first magnet 220 may
be selected to have a magnetic strength such that the
first magnet 220 is able to keep the magnetic sensor 210
in deep saturation when the case 100 is closed, but the
magnetic strength is not sufficient to damage the mag-
netic sensor 210. To illustrate, if BOP for the magnetic
sensor 210 is SmT, and 100T may damage the magnetic
sensor 210, the magnetic strength of the first magnet 220
may be selected to be 10mT~100mT, which is much
stronger than SmT but much weaker than 100T. Alter-
natively, the magnetic sensor 210 may be selected to
have a BOP such that the first magnet 220 with a fixed
magnetic strength is able to keep the magnetic sensor
210 in deep saturation but not sufficient to cause damage.
As an example, selecting a magnetic field strength for
the first magnet 220 that is twice the BOP may achieve
deep saturation for the magnetic sensor 210.
[0069] Additionally or alternatively, deep saturation
may be achieved by adjusting a distance between the
magnetic sensor 210 and the first magnet 220. Referring
to FIGURE 2A, the predetermined distance d1 may be
selected to achieve deep saturation without causing
damage to the magnetic sensor 210. For example, the
predetermined distance d1 between the magnetic sensor
210 and the first magnet 220 may be adjusted in the
range of 1mm~10mm.
[0070] Maintaining the magnetic sensor 210 in deep
saturation reduces or eliminates effect of interference
from other magnets in the case 100 or in the surroundings
of the case 100. When deeply saturated, it would require
a very strong magnetic field with an opposite polarity to
reverse one or more outputs of the magnetic sensor 210.
In contrast, when not deeply saturated, even weak inter-
ference may reverse one or more outputs of the magnetic
sensor 210. In this regard, the extent of the deep satu-
ration required may be determined based on an extent
of the interference from other magnets in the case 100.
[0071] FIGURE 4B illustrates example operation inter-
actions between the magnetic sensor 210 and the first
magnet 220, second magnet 230, and third magnet 240
when the case 100 is closed. As described above, when
the case 100 is closed, the first pole 222 of the first mag-
net 220 is at the predetermined distance d3 from the first
pole 232 of the second magnet 230. As such, the inter-
action between the first magnet 220 and the second mag-
net 230 alters the magnetic field detected by the magnetic
sensor 210. In particular, because the first pole 222 of
the first magnet 220 is opposite in polarity than the first
pole 232 of the second magnet 230, the first pole 222 of
the first magnet 220 now exerts magnetic attraction force
on the first pole 232 of the second magnet 230, rather
than to the sensing surface 212 of the magnetic sensor
210. As such, the magnetic sensor 210 no longer detects
magnetic field with a North polarity from the first pole 232
of the first magnet 220.
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[0072] In this regard, the magnetic strength of the first
magnet 220 and/or the second magnet 230 may be se-
lected such that, when the case 100 is closed, the second
magnet 230 exerts sufficient attraction force to the first
magnet 220 so that magnetic field from the first pole 222
of the first magnet 220 is no longer detectable by the
magnetic sensor 210. Additionally or alternatively, the
predetermined distances d1 and/or d3 may be selected
such that, when the case 100 is closed, the second mag-
net 230 exerts sufficient attraction force to the first mag-
net 220 so that magnetic field from the first pole 222 of
the first magnet 220 is no longer detectable by the mag-
netic sensor 210. In addition, the magnetic strength of
the first magnet 220 and/or the second magnet 230 may
be selected so that they may hold the body 110 to the lid
120 with sufficient force to keep the case 100 closed,
such as meeting a predetermined threshold holding
force. For another example, the first magnet 220 and the
second magnet 230 may be selected so that it is not too
difficult for a person to separate the lid 120 from the body
110.
[0073] As described above, when the case 100 is
closed, the first pole 242 of the third magnet 240 is at the
predetermined distance d4 from the sensing surface 212
of the magnetic sensor 210. As such, the magnetic field
detected by the magnetic sensor 210 originates from the
first pole 242 of the third magnet 240, which in this ex-
ample is the South pole. The magnetic sensor 210 and
the third magnet 240 may be configured such that, when
the case 100 is closed, magnitude of the magnetic field
from the first pole 242 of the third magnet 240 is at or
above BOP of the magnetic sensor 210 with a South
polarity. As such, the magnetic field from the first pole
242 of the third magnet 240 triggers the magnetic sensor
210 to generate a low voltage signal or logic 0 as the
second output (shown as region right of BOP in FIGURE
3B). At the same time, the magnetic field from the first
pole 242 of the third magnet 240, having a South polarity,
does not trigger the magnetic sensor 210 with respect to
the first output, thus the first output has a high voltage
signal or logic 1 (shown as region right of BRP in FIGURE
3A).
[0074] A comparison of FIGURES 4A and 4B show
that both the first output and the second output of the
magnetic sensor 210 are reversed when the case 100
switches from an open to a closed state. This way, the
processors 164 may determine whether the case 100 is
open or closed based on values of the first output and
the second output. For example, when the case 100 is
open, the first output and the second output have a first
set of values [0, 1]. When the case 100 is closed, the first
output and the second output have a second set of values
[1, 0].
[0075] Further, the magnetic sensor 210 may produce
other values for the first output and the second output
during transitions between the open state and the closed
state of the case 100. For example, when transitioning
from open to closed, as the lid 120 is approaching the

body 110, there may be a moment when the value for
the first output changes from 0 to 1, while the value for
the second output is still at 1, resulting in a set of values
[1, 1]. For another example, when transitioning from
closed to open, as the lid 120 is moving away from the
body 110, there may be a moment when the value for
the first output changes from 1 to 0, while the value for
the second input is still at 0, resulting in a set of values
[0, 0]. Such "half states" may provide useful information
to indicate transitions in case states, and may be used
as advance warning of an upcoming new state for the
case.
[0076] In some instances, the magnetic sensor 210
and the third magnet 240 may be configured such that,
when the case 100 is closed, the magnetic field from the
first pole 242 of the third magnet 240 saturates the mag-
netic sensor 210. For example, the third magnet 240 may
be selected to have a magnetic strength such that the
third magnet 240 is able to keep the magnetic sensor
210 in deep saturation when the case 100 is closed, but
the magnetic strength is not sufficient to damage the
magnetic sensor 210. To illustrate, if BOP for the mag-
netic sensor 210 is SmT, and 100T may damage the
magnetic sensor 210, the magnitude of magnetic field
from the third magnet 240 may be selected to be 10mT-
100mT, which is much stronger than SmT but much
weaker than a damaging field strength.
[0077] Further as illustrated by FIGURES 2A-4B, the
magnetic strengths of each of the first magnet 220, the
second magnet 230, and the third magnet 240 may be
selected together based on a number of factors. For in-
stance, the first magnet 220, the second magnet 230,
and the third magnet 240 may be selected so that an
optimal lid closure force is provided by the first magnet
220 and the second magnet 230 when the case 100 is
closed, and so that interactions between the three mag-
nets cause the magnetic sensor 210 to be deeply satu-
rated in the first polarity when the case 100 is open, and
cause the magnetic sensor 210 to be deeply saturated
in the second polarity when the case 100 is closed.
[0078] As described above, keeping the magnetic sen-
sor 210 in deep saturation reduces or eliminates effect
of interference from other magnets in the case 100 or in
the surroundings of the case 100. When the case 100 is
open as shown in FIGURE 4A, magnetic field with a North
polarity saturates the magnetic sensor 210. When the
case is closed as shown in FIGURE 4B, magnetic field
with a South polarity saturates the magnetic sensor 210.
As such, for both open and closed state of the case 100,
it would require a very strong magnetic field with an op-
posite polarity to reverse one or more outputs of the mag-
netic sensor 210. This ensures that the magnetic sensing
device 200 is able to reliably detect whether the case 100
is open or closed despite interference from other mag-
nets in the case 100.
[0079] Since the more reliable detection results are
achieved by ensuring saturation in both open and closed
states by magnetic fields of opposite polarities, it follows
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that the magnetic sensing device 200 requires at least
two magnets. By using the magnets 220 and 230 config-
ured to hold the case 100 closed also for detection of
case states, the magnetic sensing device 200 effectively
reduces the overall number of magnets needed for the
case 100. To illustrate, since two magnets are required
to hold the case 100 closed, and two magnets are re-
quired to achieve saturation with opposite polarities for
accurate detection, this results in at least four magnets
to accomplish both purposes. However, as shown in FIG-
URE 2A and 2B, only three magnets are used in the mag-
netic sensing device 200 to achieve both purposes. Using
fewer magnets may reduce cost of the case 100, as well
as reduce complexity in manufacturing and assembly.
Further, as the number of magnets increases, the diffi-
culty in aligning the magnets to ensure proper interac-
tions also increases during installation. As such, reducing
the number of magnets used may increase efficiency dur-
ing installation.
[0080] In fact, since saturation by two polarities is re-
quired, the number of magnets for the magnetic sensing
device may be further reduced from three to two. FIG-
URES 5A and 5B are pictorial diagrams illustrating an-
other example magnetic sensing device 500 for the case
100 with only two magnets. FIGURE 5A shows relative
positions of components of the magnetic sensing device
500 when the case 100 is open. FIGURE 5B shows rel-
ative positions of components of the magnetic sensing
device 500 when the case 100 is closed. As shown, the
magnetic sensing device 500 includes a magnetic sensor
510, a first magnet 520, and a second magnet 530.
[0081] Magnetic sensing device 500 may be config-
ured with similar features as magnetic sensing device
200. For example, the magnetic sensor 510 may be con-
figured similarly as the magnetic sensor 210, the first
magnet 520 may be configured similarly as the first mag-
net 220, and the second magnet 530 may be configured
similarly as the second magnet 230. For example, the
magnetic sensor 510 may be a dual output unipolar Hall
Effect sensor with operations as shown in FIGURES 3A
and 3B. For another example, the magnetic sensor 510
may include two unipolar Hall Effect sensors with oper-
ations respectively shown in FIGURES 3A and 3B. For
another instance, a sensing surface 512 of the magnetic
sensor 510 and a first pole 522 of the first magnet 520
may be facing towards the lid 120. For another instance,
a first pole 532 of the second magnet 530 may be facing
towards the body 110. For still another instance, the first
pole 522 of the first magnet 520 may have a first polarity
(e.g. North), while the first pole 532 of the second magnet
530 may have a second polarity (e.g. South) opposite to
the first polarity. For yet another instance, when the case
100 is closed, the first pole 522 of the first magnet 520
may be facing the first pole 532 of the second magnet
530. The first magnet 520 may have a second pole 524
with the second polarity, and the second magnet 530
may have a second pole 534 with the first polarity.
[0082] As such, when the case 100 is open, the mag-

netic sensor 510 and the first magnet 520 interact in a
similar way as the magnetic sensor 210 and the first mag-
net 220 as shown in FIGURE 4A. The magnetic sensor
510 and the first magnet 520 may be configured such
that, when the case 100 is open, magnitude of the mag-
netic field from the first pole 522 of the first magnet 520
is at or above BOP of the magnetic sensor 510 with a
North polarity. As such, the magnetic field from the first
pole 522 of the first magnet 520 triggers the magnetic
sensor 510 to generate a low voltage signal or logic 0 as
the first output (shown as region left of BOP in FIGURE
3A). At the same time, the magnetic field from the first
pole 522 of the first magnet 520, having a North polarity,
does not trigger the magnetic sensor 510 with respect to
the second output, thus the second output has a high
voltage signal or logic 1 (shown as region left of BRP in
FIGURE 3B).
[0083] Further as discussed above, the magnetic sen-
sor 510 and the first magnet 520 may be configured such
that, when the case 100 is open, the magnetic field from
the first pole 522 of the first magnet 520 saturates the
magnetic sensor 510. In this regard, a magnetic strength
of the first magnet 520, BOP of the magnetic sensor 510,
and/or a predetermined distance d1’ between the first
magnet 520 and the magnetic sensor 510 may be ad-
justed.
[0084] However, as shown in FIGURE 5B, when the
case 100 is closed, the second magnet 530 extends
across both the first magnet 520 and the magnetic sensor
510. As such, the first pole 532 of the second magnet
530 is facing both the first pole 522 of the first magnet
520 and the sensing surface 512 of the magnetic sensor
510. In this configuration, the second magnet 530 engage
both the first magnet 520 and the magnetic sensor when
the case 100 is closed. In some examples, the second
magnet 530 may be made by combining two magnets,
such as combining the second magnet 230 and the third
magnet 240 to form a larger magnet.
[0085] As such, when the case 100 is closed, the mag-
netic sensor 510 and the second magnet 530 also interact
in a similar way as the magnetic sensor 210 with the
second magnet 230 and third magnet 240 as shown in
FIGURE 4B. In that regard, the second magnet 530 may
be considered as having two portions, a first portion fac-
ing the first pole 522 of the first magnet 520, and a second
portion facing the sensing surface 512 of the magnetic
sensor 510. When the case 100 is closed, the first pole
522 of the first magnet 520 is at a predetermined distance
d3’ from the first pole 532 of the second magnet 530. As
such, the interaction between the first magnet 520 and
the second magnet 530 alters the magnetic field detected
by the magnetic sensor 510. In particular, because the
first pole 522 of the first magnet 520 is opposite in polarity
than the first pole 532 of the second magnet, the first pole
522 of the first magnet 520 now exerts magnetic attrac-
tion force to the first pole 532 of the second magnet 530,
rather than to the sensing surface 512 of the magnetic
sensor 510. As such, the magnetic sensor 510 no longer
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detects magnetic field with a North polarity from the first
pole 522 of the first magnet 520.
[0086] Rather, since the first pole 532 of the second
magnet 530 is at the predetermined distance d3’ from
the sensing surface 512 of the magnetic sensor 510, the
magnetic field detected by the magnetic sensor 510 orig-
inates from the first pole 532 of the second magnet 530,
which in this example is the South pole. The magnetic
sensor 510 and the second magnet 530 may be config-
ured such that, when the case 100 is closed, magnitude
of the magnetic field from the first pole 532 of the second
magnet 530 is at or above BOP of the magnetic sensor
510 with a South polarity. As such, the magnetic field
from the first pole 532 of the second magnet 530 triggers
the magnetic sensor 510 to generate a low voltage signal
or logic 0 as the second output (shown as region right of
BOP in FIGURE 3B). At the same time, the magnetic
field from the first pole 532 of the second magnet 530,
having a South polarity, does not trigger the magnetic
sensor 510 with respect to the first output, thus the first
output has a high voltage signal or logic 1 (shown as
region right of BRP in FIGURE 3A).
[0087] Further as discussed above, the magnetic sen-
sor 510 and the second magnet 530 may be configured
such that, when the case 100 is closed, the magnetic
field from the first pole 532 of the second magnet 530
saturates the magnetic sensor 510. In this regard, a mag-
netic strength of the second magnet 530, BOP of the
magnetic sensor 510, and/or the predetermined distance
d3’ between the second magnet 530 and the first magnet
520 may be adjusted. In addition, the magnetic strength
of the first magnet 520 and/or the second magnet 530
may be selected so that they may hold the body 110 to
the lid 120 with sufficient force to keep the case 100
closed.
[0088] In another aspect, magnetic sensing device 200
or 500 may be positioned inside the earbuds 190 and the
case 100 in order to detect a state of the earbuds 190,
such as whether the earbuds 190 are positioned inside
the case 100. FIGURES 6A and 6B are pictorial diagrams
illustrating an example magnetic sensing device 600 for
the earbuds 190 and case 100. In some instances, since
there are two earbuds 190, one magnetic sensing device
600 may be provided for detecting each earbud. Howev-
er, for ease of illustration, FIGURES 6A and 6B only il-
lustrate with respect to one earbud 190A of the two ear-
buds 190. FIGURE 6A shows relative positions of com-
ponents of the magnetic sensing device 600 when the
earbud 190A is not positioned inside the case 100. FIG-
URE 6B shows relative positions of components of the
magnetic sensing device 600 when the earbud 190A is
positioned inside the case 100.
[0089] As shown in FIGURES 6A and 6B, magnetic
sensing device 600 may include a magnetic sensor 610,
a first magnet 620, a second magnet 630, and a third
magnet 640. As shown, the magnetic sensing device 600
is configured similarly as magnetic sensing device 200.
For example, the magnetic sensor 610 may be config-

ured similarly as the magnetic sensor 210, the first mag-
net 620 may be configured similarly as the first magnet
220, the second magnet 630 may be configured similarly
as the second magnet 230, and the third magnet 640
may be configured similarly as the third magnet 240. As
such, elements of the magnetic sensing device 600 are
labeled with reference numbers corresponding to refer-
ence numbers for magnetic sensing device 200. For ex-
ample, the sensing surface 612 of the magnetic sensor
610 corresponds to the sensing surface 212 of the mag-
netic sensor 210; the first pole 622 of the first magnet
620 corresponds to the first pole 222 of the first magnet
220; the second pole 624 of the first magnet 620 corre-
sponds to the second pole 224 of the first magnet 224,
and so on.
[0090] In contrast, as shown in FIGURE 6A, the mag-
netic sensor 610 and the first magnet 620 may be posi-
tioned inside the case 100 near or at the grooves 116,
whereas the second magnet 630 and third magnet 640
may be positioned inside the earbud 190A. The relative
positions of the magnetic sensor 610, first magnet 620,
second magnet 630, and third magnet 640 may be ad-
justed such that, when the earbud 190A is not positioned
inside the case 100, the magnetic sensor 610 may gen-
erate the first output and the second output based on
magnetic field from the first magnet 620, similar to the
descriptions above for FIGURE 4A. Likewise, the relative
positions of the magnetic sensor 610, first magnet 620,
second magnet 630, and third magnet 640 may be ad-
justed such that, when the earbud 190A is positioned
inside the case 100, the magnetic sensor 610 may gen-
erate the first output and the second output based on
magnetic field from the third magnet 640, similar to the
descriptions above for FIGURE 4B.
[0091] Further as discussed above, the magnetic sen-
sor 610 and the first magnet 620 may be configured such
that, when the earbud 190A is not inside the case 100,
the magnetic field from a first pole 622 of the first magnet
620 saturates the magnetic sensor 610. In this regard, a
magnetic strength of the first magnet 620, BOP of the
magnetic sensor 610, and/or a predetermined distance
d1’’ between the first magnet 620 and the magnetic sen-
sor 610 may be adjusted.
[0092] Also as discussed above, the magnetic sensor
610, the second magnet 630, and the third magnet 640
may be configured such that, when the case 100 is
closed, the magnetic field from the first pole 642 of the
third magnet 640 saturates the magnetic sensor 610. In
this regard, a magnetic strength of the second magnet
630, a magnetic strength of the third magnet 640, BOP
of the magnetic sensor 610, and/or the predetermined
distances d2", d3", and d4" may be adjusted.
[0093] In addition, the magnetic strength of the first
magnet 620 and/or the second magnet 630 may be se-
lected so that they may hold the earbud 190A in the
grooves 116 and/or align the earbud 190A for charging.
By using the magnets 620 and 630 configured to hold
and/or align earbud 190A also for detection of earbud
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states, the magnetic sensing device 600 effectively re-
duces the overall number of magnets needed for the case
100. To illustrate, since two magnets are required to hold
and/or align the earbud 190A, and two magnets are re-
quired to achieve saturation with opposite polarities for
accurate detection, this results in at least four magnets
to accomplish both purposes. However, as shown in FIG-
URES 6A and 6B, only three magnets are used in the
magnetic sensing device 600 to achieve both purposes.
Using fewer magnets may reduce cost of the case 100,
as well as reduce complexity in manufacturing and as-
sembly.
[0094] Although FIGURES 6A and 6B show the mag-
netic sensor 610 and the first magnet 620 as positioned
inside the case, alternatively the magnetic sensor 610
and the first magnet 620 may be positioned inside the
earbud 190A. In that instance, the second magnet 630
and the third magnet 640 may then be positioned inside
the case 100. As such, the magnetic sensing device 600
may send outputs to the processors of the earbud 190A.
For instance, the processors of the earbud 190A may
then determine whether the earbud 190A is positioned
inside the case 100, and determine whether to initiate
any of a number of functions, such as communicating
with the case 100 or sending audio signals to the case
100 to be broadcasted.
[0095] FIGURE 7 shows an example block diagram of
the case 100. The case 100 may include one or more
memories 710, processors 720, as well as other compo-
nents. For example, the case 100 may further include
sensor(s) 730, charging circuitry 740, speaker circuitry
750, one or more transceivers 760, and communication
module 770. The case 100 may further include a user
interface and one or more internal clocks.
[0096] The case 100 may include some or all of the
features of the case 100 in FIGURES 1A, 1B, 2A, 2B,
5A, 5B, 6A, and 6B. For example, the sensor(s) 730 may
include a proximity sensor for detecting whether the case
100 is open or closed, such as the magnetic sensing
device 200 or 500. For another example, the sensor(s)
730 may include a proximity sensor for detecting whether
the earbuds 190 are positioned inside the case 100, such
as the magnetic sensing device 600. Further, the charg-
ing circuitry 740 may be configured as charging circuitry
160 for charging earbuds 190 as shown in FIGURE 1B.
The speaker circuitry 750 may be configured as speaker
circuitry 162 for broadcasting audio received from ear-
buds 190 as shown in FIGURE 1B. The transceivers 760
may be configured to communicate with the earbuds 190,
such as for requesting and receiving battery life informa-
tion from earbuds 190.
[0097] The memory 710 may store information acces-
sible by the one or more processors 720, including data
712 instructions 714 that may be executed or otherwise
used by the one or more processors 720. For example,
memory 710 may be of any type capable of storing infor-
mation accessible by the processor(s) 720, including a
computing device-readable medium, or other medium

that stores data that may be read with the aid of an elec-
tronic device, such as a volatile memory, nonvolatile as
well as other write-capable and read-only memories. By
way of example only, memory 710 may be a static ran-
dom-access memory (SRAM) configured to provide fast
lookups. Systems and methods may include different
combinations of the foregoing, whereby different portions
of the instructions and data are stored on different types
of media.
[0098] The data 712 may be retrieved, stored or mod-
ified by the one or more processors 720 in accordance
with the instructions 714. For instance, data 712 may
include detection data from the sensors 730, which may
indicate whether the case 100 is open or closed, or
whether a wireless device is detected inside the case
100. The data 712 may also include data received
through the one or more transceivers 760, such as battery
life information of the wireless device positioned inside
the case 100. In accordance with the instructions 712,
the one or more processors 720 may control the sensors
730, the charging circuitry 740, the speaker circuitry 750,
and the transceivers 760 based on the data 712. Although
the claimed subject matter is not limited by any particular
data structure, the data may be stored in computing de-
vice registers, in a relational database as a table having
a plurality of different fields and records, XML documents
or flat files. The data may also be formatted in any com-
puting device-readable format.
[0099] The instructions 714 may be any set of instruc-
tions to be executed directly (such as machine code) or
indirectly (such as scripts) by the one or more processors
720. For example, the instructions may be stored as com-
puting device code on the computing device-readable
medium. In that regard, the terms "instructions" and "pro-
grams" may be used interchangeably herein. The instruc-
tions may be stored in object code format for direct
processing by the processor, or in any other computing
device language including scripts or collections of inde-
pendent source code modules that are interpreted on
demand or compiled in advance.
[0100] The one or more processors 720 may be micro-
processors, logic circuitry (e.g., logic gates, flip-flops,
etc.) hard-wired into the case 100, or may be a dedicated
application specific integrated circuit (ASIC). It should be
understood that the one or more processors 720 are not
limited to hard-wired logic circuitry, but may also include
any commercially available processing unit, or any hard-
ware-based processors, such as a field programmable
gate array (FPGA). In some examples, the one or more
processors 720 may include a state machine.
[0101] The one or more sensors 730 may include any
of a variety of mechanical or electromechanical sensors,
such as a proximity sensor, an accelerometer, gyro-
scope, magnetic sensor, switch, light sensor, barometer,
audio sensor (e.g., microphone), vibration sensor, heat
sensor, radio frequency (RF) sensor, etc. In this regard,
the one or more processors 720 and memory 710 of the
case 100 may receive detection data from any of these
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sensors 730.
[0102] The communication module 770 may include a
wireless network connection module, a wireless ad hoc
connection module, and/or a wired connection module.
The wireless network connection module may be config-
ured to support communication via cellular, LTE, 4G,
WiFi, GPS, and other networked architectures. The wire-
less ad hoc connection module may be configured to
support Bluetooth®, Bluetooth LE, near field communi-
cations, and other non-networked wireless arrange-
ments. And the wired connection may include a USB,
micro USB, USB type C or other connector, for example
to receive data and/or power from a laptop, tablet, smart-
phone or other device. For instance, using the commu-
nication module 770, the case 100 may communicate
wirelessly with earbuds 190, such as via Bluetooth® pair-
ing.
[0103] The technology is advantageous because it
provides reliable proximity detection since each state of
the case may cause the magnetic sensor to be triggered
by a different polarity. Configurations that cause deep
saturation of the magnetic sensor may further reduce or
eliminate effects of interference from other magnetic
components, thereby improving detection reliability. By
improving detection reliability, the technology may im-
prove out of box experience for wireless devices without
risking violating regulations or wasting energy. The im-
proved detection reliability may also conserve energy
during later use, since the case may determine whether
to perform various functions based on the state of the
case and/or the state of the wireless devices. Features
of the technology further provides for reducing the
number of magnets required by configuring one or more
magnets in the magnetic sensing device for performing
multiple functions, which may reduce cost of manufac-
turing.
[0104] The propose solution in particular relates to the
following embodiments:

Embodiment 1: A device, comprising:

a magnetic sensor, wherein a first output of the
magnetic sensor is triggered by magnetic fields
having a first polarity and a second output of the
magnetic sensor is triggered by magnetic fields
having a second polarity;
a first magnet, the first magnet being positioned
at a fixed distance from the magnetic sensor;
a second magnet, the second magnet being po-
sitioned at an adjustable distance from the first
magnet; and
a third magnet, the third magnet being posi-
tioned at an adjustable distance from the mag-
netic sensor;
wherein, when the second magnet is not within
a predetermined distance from the first magnet,
a magnetic field from the first magnet having the
first polarity causes the first output and the sec-

ond output to have a first set of values; and
wherein, when the second magnet is within the
predetermined distance from the first magnet, a
magnetic field from the third magnet having the
second polarity causes the first output and the
second output to have a second set of values.

Embodiment 2: The device of Embodiment 1, where-
in, when the second magnet is within the predeter-
mined distance from the first magnet, a pole of the
first magnet having the first polarity is configured to
be facing a pole of the second magnet having the
second polarity.

Embodiment 3: The device of Embodiment 1 or 2,
wherein, when the second magnet is within the pre-
determined distance from the first magnet, a pole of
the third magnet having the second polarity is con-
figured to be facing a sensing surface of the magnetic
sensor.

Embodiment 4: The device of any one of Embodi-
ments 1 to 3, wherein, when the second magnet is
not within the predetermined distance from the first
magnet, a magnetic field from a pole of the first mag-
net having the first polarity saturates the magnetic
sensor.

Embodiment 5: The device of Embodiment 4, where-
in a strength of the first magnet and/or a distance
between the first magnet and the magnetic sensor
is selected such that, when the second magnet is
not within the predetermined distance from the first
magnet, a magnetic field from a pole of the first mag-
net having the first polarity saturates the magnetic
sensor.

Embodiment 6: The device of any one of Embodi-
ments 1 to 5, wherein, when the second magnet is
within the predetermined distance from the first mag-
net, a magnetic field from a pole of the third magnet
having the second polarity saturates the magnetic
sensor.

Embodiment 7: The device of Embodiment 6, where-
in a strength of the third magnet, based on an oper-
ating point of the magnetic sensor, and/or a distance
between the second magnet and the third magnet is
selected such that, when the second magnet is within
the predetermined distance from the first magnet, a
magnetic field from a pole of the third magnet having
the second polarity saturates the magnetic sensor.

Embodiment 8: The device of any one of Embodi-
ments 1 to 7, wherein a strength of the first magnet
and a strength of the second magnet are selected
such that, when the second magnet is within the pre-
determined distance from the first magnet, a mag-
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netic field from a pole of the first magnet and a mag-
netic field from a pole of the second magnet produce
a magnetic attraction force between the first magnet
and the second magnet meeting a threshold holding
force.

Embodiment 9: The device of any one of Embodi-
ments 1 to 8, wherein the magnetic sensor is a dual
output unipolar Hall Effect sensor.

Embodiment 10: The device of any one of Embodi-
ments 1 to 8, wherein the magnetic sensor includes
a first unipolar Hall Effect sensor configured to be
triggered by magnetic field of the first polarity, and a
second unipolar Hall Effect sensor configured to be
triggered by magnetic field of the second polarity.

Embodiment 11: The device of any one of Embodi-
ments 1 to 10, wherein the first set of values and the
second set of values are inverse of each other.

Embodiment 12: The device of Embodiment 1,
wherein the magnetic sensor and the first magnet
are positioned within a first body element, and the
second magnet and the third magnet are positioned
within a second body element; and wherein one or
more processors of the device are configured to de-
termine whether one of the first and second body
elements is in a first position or a second position
relative to the other one of the first and second body
elements based on at least one of the first output
and the second output.

Embodiment 13: The device of Embodiment 12,
wherein the magnetic sensor and the first magnet
are positioned within a body of a case, and the sec-
ond magnet and the third magnet are positioned
within a lid of the case; and wherein one or more
processors of the case are configured to determine
whether the case is open or closed based on at least
one of the first output and the second output.

Embodiment 14: The device of Embodiment 13,
wherein the magnetic sensor and the first magnet
are positioned at identical or different portions of an
edge of the body of the case, and the second magnet
and the third magnet are positioned at identical or
different portions of an edge of the lid of the case;
wherein, when the case is closed, the edge of the
body is in contact with the edge of the lid.

Embodiment 15: The device of Embodiment 13 or
14, wherein the case is configured to house one or
more wireless devices, wherein the one or more
processors of the case are configured to determine
whether to charge the one or more wireless devices
based on at least one of the first output and the sec-
ond output.

Embodiment 16: The device of Embodiment 12,
wherein the magnetic sensor and the first magnet
are positioned within a body of a case for housing
one or more wireless devices, and the second mag-
net and the third magnet are positioned within the
one or more wireless devices; and wherein one or
more processors of the case are configured to de-
termine whether the one or more wireless devices
are positioned inside the case based on at least one
of the first output and the second output.

Embodiment 17: The device of Embodiment 16,
wherein, when the one or more wireless devices are
positioned inside the case, the second magnet of the
one or more wireless devices are within the prede-
termined distance from the first magnet of the case.

Embodiment 18: The device of Embodiment 16 or
17, wherein the one or more processors of the case
are configured to determine whether to charge the
one or more wireless devices based on at least one
of the first output and the second output.

Embodiment 19: The device of Embodiment 12,
wherein the magnetic sensor and the first magnet
are positioned within one or more wireless devices,
and the second magnet and the third magnet are
positioned within a case for housing the one or more
wireless devices; and wherein one or more proces-
sors of the one or more wireless devices are config-
ured to determine whether the one or more wireless
devices are positioned inside the case based on at
least one of the first output and the second output.

Embodiment 20: The device of Embodiment 19,
wherein, when the one or more wireless devices are
positioned inside the case, the second magnet of the
case are within the predetermined distance from the
first magnet of the one or more wireless devices.

Embodiment 21: The device of Embodiment 19 or
20, wherein the one or more processors of the wire-
less devices are configured to determine whether to
communicate with the case based on at least one of
the first output and the second output.

Embodiment 22: A device, comprising:

a magnetic sensor, wherein a first output of the
magnetic sensor is triggered by magnetic field
having a first polarity and a second output of the
magnetic sensor is triggered by magnetic field
having a second polarity;
a first magnet, the first magnet being positioned
at a fixed distance from the magnetic sensor;
and
a second magnet, the second magnet being po-
sitioned at an adjustable distance from the first
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magnet;
wherein, when the second magnet is not within
a predetermined distance from the first magnet,
a magnetic field from the first magnet having the
first polarity causes the first output and the sec-
ond output to have a first set of values; and
wherein, when the second magnet is within the
predetermined distance from the first magnet, a
magnetic field from the second magnet having
the second polarity causes the first output and
the second output to have a second set of val-
ues.

Embodiment 23: The device of Embodiment 22,
wherein, when the second magnet is within the pre-
determined distance from the first magnet, a pole of
the first magnet having the first polarity is configured
to be facing a pole of the second magnet having the
second polarity.

Embodiment 24: The device of Embodiment 22 or
23, wherein, when the second magnet is within the
predetermined distance from the first magnet, a pole
of the second magnet having the second polarity is
configured to be facing a sensing surface of the mag-
netic sensor.

Embodiment 25: The device of any one of Embodi-
ments 22 to 24, wherein a strength of the second
magnet is selected based on an operating point of
the magnetic sensor such that, when the second
magnet is within the predetermined distance from
the first magnet, a magnetic field from a pole of the
second magnet having the second polarity saturates
the magnetic sensor.

Embodiment 26: The device of any one of Embodi-
ments 22 to 25, wherein the magnetic sensor and
the first magnet are positioned within a first body
element, and the second magnet and the third mag-
net are positioned within a second body element;
and wherein one or more processors of the device
are configured to determine whether one of the first
and second body elements is in a first position or a
second position relative to the other one of the first
and second body elements based on at least one of
the first output and the second output.

Embodiment 27: The device of Embodiment 26,
wherein the magnetic sensor and the first magnet
are positioned within a body of a case, and the sec-
ond magnet is positioned within a lid of the case; and
wherein one or more processors of the case are con-
figured to determine whether the case is open or
closed based on at least one of the first output and
the second output.

Embodiment 28: The device of Embodiment 26,

wherein the magnetic sensor and the first magnet
are positioned within a body of a case for housing
one or more wireless devices, and the second mag-
net is positioned within the one or more wireless de-
vices; and wherein one or more processors of the
case are configured to determine whether the one
or more wireless devices are positioned inside the
case based on at least one of the first output and the
second output.

Embodiment 29: A case comprising a device of any
one of the preceding claims.

Embodiment 30: A case, comprising:

a body;
a lid, the lid moveable with respect to the body
between an opening and a closing position;
a magnetic sensor positioned at the body,
wherein a first output of the magnetic sensor is
triggered by magnetic field having a first polarity
and a second output of the magnetic sensor is
triggered by magnetic field having a second po-
larity;
a first magnet positioned at body, the first mag-
net being positioned at a fixed distance from the
magnetic sensor;
a second magnet positioned at the lid;
a third magnet positioned at the lid, the third
magnet being positioned at a fixed distance from
the second magnet;
wherein, when the lid is in the opening position
and the case is open, a magnetic field from the
first magnet having the first polarity causes the
first output and the second output to have a first
set of values; and
wherein, when the lid is the closing position and
the case is closed, a magnetic field from the third
magnet having the second polarity causes the
first output and the second output to have a sec-
ond set of values.

Embodiment 31: The case of Embodiment 30,
wherein the lid has at least an edge configured to be
in contact with an edge of the body when the case
is closed, the magnetic sensor and the first magnet
being positioned at identical or different portions of
the edge of the body and the second and third mag-
nets being positioned at identical or different portions
of the edge of the lid.

[0105] Unless otherwise stated, the foregoing alterna-
tive examples are not mutually exclusive, but may be
implemented in various combinations to achieve unique
advantages. As these and other variations and combi-
nations of the features discussed above can be utilized
without departing from the subject matter defined by the
claims, the foregoing description of the embodiments
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should be taken by way of illustration rather than by way
of limitation of the subject matter defined by the claims.
In addition, the provision of the examples described here-
in, as well as clauses phrased as "such as," "including"
and the like, should not be interpreted as limiting the sub-
ject matter of the claims to the specific examples; rather,
the examples are intended to illustrate only one of many
possible embodiments. Further, the same reference
numbers in different drawings can identify the same or
similar elements.

Claims

1. A device, comprising:

a magnetic sensor, wherein a first output of the
magnetic sensor is triggered by magnetic fields
having a first polarity and a second output of the
magnetic sensor is triggered by magnetic fields
having a second polarity;
a first magnet; and
a second magnet, the second magnet being po-
sitioned at an adjustable distance from the first
magnet;
wherein a strength of the first magnet or a fixed
distance between the first magnet and the mag-
netic sensor is selected such that when the sec-
ond magnet is not within a predetermined dis-
tance from the first magnet, a magnetic field from
the first magnet having the first polarity causes
the first output and the second output to have a
first set of values, and a magnetic field from a
pole of the first magnet having the first polarity
saturates the magnetic sensor.

2. The device of claim 1, further comprising a third mag-
net, the third magnet being positioned at an adjust-
able distance from the magnetic sensor,
wherein, when the second magnet is within the pre-
determined distance from the first magnet, a mag-
netic field from the third magnet having the second
polarity causes the first output and the second output
to have a second set of values.

3. The device of claim 1, wherein the first magnet is
positioned at a fixed distance from the magnetic sen-
sor.

4. The device of claim 1, wherein, when the second
magnet is within the predetermined distance from
the first magnet, a pole of the first magnet having the
first polarity is configured to be facing a pole of the
second magnet having the second polarity.

5. The device of claim 2, wherein, when the second
magnet is within the predetermined distance from
the first magnet, a pole of the third magnet having

the second polarity is configured to be facing a sens-
ing surface of the magnetic sensor.

6. The device of claim 2, wherein, when the second
magnet is within the predetermined distance from
the first magnet, a magnetic field from a pole of the
third magnet having the second polarity saturates
the magnetic sensor.

7. The device of claim 2, wherein a strength of the third
magnet is selected based on an operating point of
the magnetic sensor or a distance between the sec-
ond magnet and the third magnet is selected such
that, when the second magnet is within the prede-
termined distance from the first magnet, a magnetic
field from a pole of the third magnet having the sec-
ond polarity saturates the magnetic sensor.

8. The device of claim 1, wherein a strength of the first
magnet and a strength of the second magnet are
selected such that, when the second magnet is within
the predetermined distance from the first magnet, a
magnetic field from a pole of the first magnet and a
magnetic field from a pole of the second magnet pro-
duce a magnetic attraction force between the first
magnet and the second magnet meeting a threshold
holding force.

9. The device of claim 1, wherein the magnetic sensor
includes a first unipolar Hall Effect sensor configured
to be triggered by magnetic field of the first polarity,
and a second unipolar Hall Effect sensor configured
to be triggered by a magnetic field of the second
polarity.

10. The device of claim 1, wherein the magnetic sensor
and the first magnet are positioned within a body of
a case, and the second magnet and the third magnet
are positioned within a lid of the case; and wherein
one or more processors of the case are configured
to determine whether the case is open or closed
based on at least one of the first output and the sec-
ond output.

11. The device of claim 2, wherein the magnetic sensor
and the first magnet are positioned within a body of
a case for housing one or more wireless devices,
and the second magnet and the third magnet are
positioned within the one or more wireless devices;
and wherein one or more processors of the case are
configured to determine whether the one or more
wireless devices are positioned inside the case
based on at least one of the first output and the sec-
ond output.

12. The device of claim 2, wherein the magnetic sensor
and the first magnet are positioned within one or
more wireless devices, and the second magnet and
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the third magnet are positioned within a case for
housing the one or more wireless devices; and
wherein one or more processors of the one or more
wireless devices are configured to determine wheth-
er the one or more wireless devices are positioned
inside the case based on at least one of the first
output and the second output.

13. A case, comprising:

a body;
a lid, the lid moveable with respect to the body
between an opening and a closing position;
a magnetic sensor positioned at the body,
wherein a first output of the magnetic sensor is
triggered by magnetic fields having a first polar-
ity and a second output of the magnetic sensor
is triggered by magnetic fields having a second
polarity;
a first magnet positioned at the body, and
a second magnet positioned at the lid,
wherein a strength of the first magnet or a fixed
distance between the first magnet and the mag-
netic sensor is selected such that when the lid
is in the opening position and the case is open,
a magnetic field from the first magnet having the
first polarity causes the first output and the sec-
ond output to have a first set of values, and a
magnetic field from a pole of the first magnet
having the first polarity saturates the magnetic
sensor.

14. The case of claim 13, further comprising a third mag-
net positioned at the lid, the third magnet being po-
sitioned at a fixed distance from the second magnet,
wherein, when the lid is the closing position and the
case is closed, a magnetic field from the third magnet
having the second polarity causes the first output
and the second output to have a second set of val-
ues.

15. The case of claim 14, wherein, when the second
magnet is within the predetermined distance from
the first magnet, a magnetic field from a pole of the
third magnet having the second polarity saturates
the magnetic sensor.
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